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the north by the Equator, on the south by a line passing through the 
State of Sao Paulo, Brazil, and the Bolivian Chaco, its east and 
west boundaries being the Atlantic Ocean and the east side of the 
Andes. Within these limits, as suggested by Harland (9) there may 
be more than one biological race of the same species. 

The host relationship of this parasite was first recorded in 1933 by 
Monte (12) who stated that he had reared M. min^nse from Diatraea 
HaccKaralis (F.) larvae that had been collected in the State of Minas 
Geraes, Brazil, in 1931. Myers! was the first to recognize the possi- 
bilities of introducing the fly into other areas where tlie sugarcane 
borer was present. His discovery of the fly as a parasite of D. 
Haccharalis infesting water grasses in the Amazon was made in- 
dependently of the observations by Monte. 

According to Myers (i^) the favorite host of M. minense in the 
Amazon region is D. sacoharalis^ but he also found it parasitizing 
another species, Diatraea albicrineXla Box. Cleare {6) in British 
Guiana and Box (4) in St. Lucia, British West Indies, have shown 
that M. minense also attacks another sugarcane borer {Diatraea 
canella Hampson) but that the percentage of parasitization in the 
field is negligible. An attempt by Cleare {5) to rear a race of M. 
minen'^e adapted to D. canella was unsuccessful. Only one of these 
species, D, saccharali^^ occurs in Puerto Rico, and all attempts to 
rear M, minense on related lepidopterous species have failed. 

Since its first introduction into British Guiana this parasite has 
been colonized in St. Lucia (^), Puerto Rico (^, 5), Trinidad (7). 
Cuba, and Barbados (A9) in the West Indies, Louisiana, Florida (2). 
and, according to unpublished information available to the author, 
in Guadeloupe. 

The Amazon strain of M. minense apparently requires very wet 
and humid conditions for survival. Collections of Diatraea borers 
by Myers in the Amazon region were made largely from beds of 
floating grasses. In British Guiana a large part of the sugarcane 
areas are below sea level, and the canefields are usually completely 
surrounded by water. 

In some cane-growing sections of St. Lucia the annual precipita- 
tion may exceed 150 inches, and even the drier coastal areas receive 
close to 80 inches. 

The Stio Paulo strain of M. minense may be better adapted to 
sugar-growing areas receiving less rainfall, such as those of Puerto 
Rico,, Cuba, and the continental United States. At Piracicaba in 
the State of Sao Paulo, Brazil, the average mean rainfall over a 
period of 10 years was 51.02 inches with the wet and dry seasoiK^ 
clearly marked.^ 

ECONOMIC IMPORTANCE 

According to Cleare (7), the cost of originally introducing Mf'ta- 
go7iistyhwrb minense into British Guinia from the Amazon, exclusive 
of colonization by the sugar estates, did not exceed $24,000. In l-^-'^j, 
Cleare {6) stated that the fly was parasitizing an average of 1;^>^ 
percent of Diatraea saccharalis in British Guiana, as compared witn 
the condition found by Myers {13) m 1931, prior to its introduction. 

2 Infoi'iiiJition obtained from records at Iiistitiito Agronomico do Estado de Sao l':nii<^> 
CaniDinas. Brazil. 
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\vheii be stated that llie combiiicd parasitisni of eiijlil other import sml 
iKirsisites of tlriis borer wii!< only 0.0 percent. Cleare iHHu-hidi's tluit 
'lliffe can be no doubt as to tlie value of the iiitrodiielioii, nor tluit 
ihf cost of tlie undertaking- bas been amply repaitl." 

Aceordinft* to Mjers (/^f), the parasitization by this fly in its 
luifive babitiit vai'ied tremendously from ]ilace to |)lace. his colled itais 
ill the Amazon region ranging from 10 to 40 percent. 

llie Amazon fly rapidly became established in St. Lueia after its 
introduction from Britinh (luiana m November VXU. Aecordirip (o 
Box (4) tliis occurred with a rapidity ahiiost without pai-allel in 
llu" hintc.ry of biological control. In !S)38. after completin^r ;, <urvey 
of tlie Amazon flv in St. Lucia. Box stated the iirfeslation of canes 
l.y moth borers 'to be about half ot th.at |)revailing befoi'e the 
ii'itroductiori of the parasite. 

In Sao Paulo. Brazil, Ilarhoid (9) repoii.ed a paj-asitism of af)^^ 
liroximalcly 5(5 percent' in 1037. In lOoO Bartleit (;/) naule cob 
lections at T*iracicaba and Cam|>itUiS in the State of Sao P-aulo atid 
found a para,sitizatiun of 83J) percent a;nd ;39.:3 percent, renpcctively, 
ill the two localities. 

DESCEirriONS 

AnULT 

'bhe adnlt of 3Iehifffm!M/i/hm wh,r;tMe (fig. 1) is readily dis- 
tinguishable from any of the other known dipterous parasites of 
It'iidi-aj'd xacchiiralls. The black, prominent ant'ennae. whioli are 
usually held in an extended position, arc a nnitpie characteristic of 
llie spVcie-s. The flies vary ccaisiderably in size, depending upon the 
iiirinl)cr reared from a single host and als(t the size of the host lai'va. 
Till' !ivi.r!io-p flv uie.asiirf's" H.d miic iu leni>1h. ex! reuu's fouuil beiiiLf 
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The female is readily distinguished from the male by the shape 
of the abdomen, which in the latter is distinctly blunt, and also by 
the presence of heavier bristles at the ,tip of the abdomen of the 
male. The abdomen of the female is heart-shaped, gradually curving 
to a point. 

The following is the original description of the species by 
Townsend (17) : 

"Ceo 9; caz 7. 1 0, Vicosa, Minas Geraes, 22 de Abril, em folhagem. 

"Cb pratetada, pfrlia preto-polidas, vistas de cima; frlia pardo- 
claras; ant pardas; pip fulvos; thx, scutello e abd preto-polidos. 
levement prateados, o abd obscurament roxeado, especialmente nos 
lados do 2seg; pernas pretas; azas enfumacadas nas costas e nas 
riervuras; sq brancas." 

The species was subsequently redescribed by Aldrich (1) from 3 
females and 2 males reared at Santarem, Amazon, Brazil, by J. G. 
Myers, as follows: "Black including antennae and legs; scutellum 
more or leiss reddish. 

''Male — Head. — Vertex 0.31 of head width, the frons widening 
considerably ; paraf rontals and paraf acials with smooth silvery pollen 
becoming thin near vertex so that the upper parafrontals appear 
shining; outer vertical about one-half the inner; a distinct pair of 
erect parallel post-ocellar bristles ; back of head slightly swollen, with 
broad silvery orbits, a few of the hairs below pale ; palpi of ordinary 
size, blackish except extreme tips, which are distinctly yellow below. 

"Thorax. — Subshining black with cinereous or rather glaucous pol- 
len, leaving two pairs of shining black stripes, the inner narrow, the 
outer becoming narrow at the suture and blending behind into a 
single large subshining area, only visible in posterior view. Chasto- 
taxy: acrostichal 3, 3 (all rather small); dorsocental 3, 4 (rather 
small except hindmost); humeral 4; posthumeral 2; presutural 1; 
notopleural 2; intraalar 2 (far back, rather hairlike); postalar 2; 
scutellum with 3 laterals and an apical depressed pair, not diverging 
and a small depressed discal pair ; sternopleural 1, 1 or 2, 1, sometimes 
with several other small bristles; ptero-pleural small. 

"Abdomen. — Black, the sides with a more or less reddish tinge, 
sometimes almost wholly reddish except a median ventral stripe of 
black; in some angles the tergites are nearly covered with thin gray 
pollen, but in other light this is mostly confined to the basal half 
except on the fourth segment; first segment without median mai' 
ginals; second with a single pair; third with a marginal row of 
eight; fourth with a row of erect small discals mixed with bristly 
hairs and a marginal row of 10 bristles; fifth sternite with a bi'oad 
excision, the sides short, shining mesially; genital segments small 
blackish, inner forceps flat, blunt, tapering, hardly separated to 
apex; outer forceps shining brownish-black, slender, blunt, a little 
longer than inner. 

"Legs. — Claws and pulvilli short, middle tibia with one bristle on 
outer front side; hind with a few irregular bristles on outer hind side. 

"Wings. — Of ordinary shape, decidedly brownish, the color mow 
or less confined to wide borders of the veins, but these tend to becoine 
confluent ; calypters whitish, of ordinary form. 

"Female. — Frons 0.37 of head width, the parafrontals shining bla* k 
to a larger extent than in the male; two pairs orbital bristles wlii* n 
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are both proclinate in two of the specimens, but in the third the upper 
one is unmistakably reclinate; abdomen somewhat keeled below and 
with numerous depressed hairs along the middle ; no visible ovipositor." 

The strains of MetagonistyluTn minense vary in the amount of I'ed- 
dish or yellowish coloring on the abdomen. In general such variations 
occur in definite patterns according to diti'erent localities. There is 
also a color variation in the wings from gray to light brown. 

Specimens from the Sao Paulo, Brazil, area are nearly always 
black throughout, but specimens with a slight reddish coloring on the 
abdomen do occur there and the progeny resulting from matings of 
these reddish specimens in the laboratory is predominantly the pure 
black. The wings of the Suo Paulo strain are light gray in color. 

The Amazon material always has some reddish or yellowish color- 
ation on the abdomen but the amount varies. The two strains mate 
readily, and the progeny are a mixture of pure blacks and color 
variants. 

Tucker {19) states that the crossings of the two strains result in 
intermediate colorations which can be distinguished by trained ob- 
servers. He also states that "fecundity appears greater in the wet- 
area strain than in the dry-area according to the number of maggots 
available for inoculation on dissection of the flies." As suggested by 
him, and confirmed by our observations, it would appear that this 
is not a difference in fecundity but results from the fact that the 
Amazon or wet-area strain matures 24 to 48 hours earlier than the Sao 
Paulo or dry-area strain. 

OVISAC AND EGG 

The potential reproductive capacity of Mefagomstyhmi tmiiense is 
high, but without doubt many of the eggs are not deposited before the 
natural death of the individual. In an unfertilized female the ovisac 
remains undeveloped and shapeless. After mating and completion 
of the gestation period the ovisac has the appearance of a spiral tube 
\vith the posterior end narrowing to a diameter which permits only 
single eggs to lie in a longitudinal position. 

The number of eggs contained in the ovisac of a female varies 
greatly, being found to be from 330 to 714. The size of the individual 
is an important factor in potential reproductive capacity. Large 
females contained 200 to 300 more eggs than smaller ones. Cleare (7) 
bas shown after extensive observations that the duration of mating 
does not appear to have any effect on the number of larvae and ova 
produced by a female. 

In no case under laboratory conditions has a female fly survived 
tor a sufficient length of time for all of the eggs in the ovary to mature, 
'»ih1 it seems questionable if this ever occurs under field conditions. 

The size and shape of the Qgg (fig. 2, A) may be determined only 
l>y dissection, as the female deposits eggs which hatch immediately. 
Both, the mature and undeveloped eggs are similar in shape and 
axerage 0.55 mm. long by 0.15 mm. wide at the midsection. 

LARVA 

Immediately after hatching, the first-instar larva (fig. 3, A) 
"s''isures from 0.60 to 0.70 mm. in length. The body is semitrans- 
}>'«ient and divided into 10 segments, the margins of which bear short 
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spines. The mandibles are shown in figure 2, B. Hie unal spiracles 
and tile main trachea] tniiikn are visible. 

The second-instar larva measures from O.Tft to -I.'Ib mm. iu leiiwtli. 
Diirini? the latter half of this instar it. is attached at the posterior end by 
a fhitinized funnel to tlie tracheal trunk of the host as shown in figure 
3, B. The mnrgins of the segments also bear numeronn short spTnes, 
but these are not readily visible as in the case of the first- and third- 
instar hirvae. 

The third-instar larva (fig. B, 6') passes througfi tlu'ee distinct 
phases; during most_of this stage it remains attached to the trachea^ 
of the host by a chitinized funnel. It then passes a short period 
ii-cc withiii IJIH hculy ol' the host before cmer^otirc. Fiiriiiv .).. ■,.|h:ws 




!Jh 3'ei imemergeO. 



ll(»Hi borer al 



ii thirddnstar larva just emerged: this host hirva also contains si 
;-ect)!ul pai'a^site larva not. vet einergeiL The size of the third-iiislar 
i«rvu varies greatly, depending upon the size <d' the host and ihe 
isniuber of inclividnals within a single host. However, on the average, 
:• mature third-instnr larva at 'the time of emcrgeiicp measures from 
■^ fo lt> mm. in lengtli. I'he body is wliite with th(» margins of each seg- 
'neni banded with I'ows of characteristii' black spines. The heavily 
^'Ihiinized anal spiracles are readily visible. 

PUPAKIIJM 

_ The- puparium of Mefwjvnktyium mhifiusc (fig. 5) is oval ^wilh 
'i»e sides nearly parallel and the ends evenly rt)unded. The lenglli 
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varies from 5.2 to 9.0 mm. and the width ih slightly less thnii one- 
third of the length. The pnparinm wlien first formed is a, light^ red- 
disli brown but/ within 48 hours becomes much (hirker and by thf 
time emergence talies place is dark reddish to bhickish brown with 
distinct finely pimctmited bands marking the segments. The puparisi 
of M. minenm are distinguishabh^ from those of other fly paj-sisites 




FiGirBK 5. — Pupjirinii). of Mekujon'mtylmn mbumm;. 

of iJiatmea by tlieir general shape and the form of the openings (if 
the posterior or anal spiracles, shown in figure 6, 4. 

Jaynes (11) has diagrammed the marMngK found on the pupai-umi 
of Theresia cladpalpis' (V. d. W.) as shown in figure 6, B, and rhe>- 
are qnite distinct from those of M. ndnenM. In, geneinl. the puparia 
()f the two species are similar in appearance and might be confiihecl 
bv inexperienced workers. The puparinm of the other foimnon fh^ 




FitJUHH e.^^The pos-terii 
lylum nmcnse; B, 

parasite, I/mopfmga AMdrimm Tns.. known to attack Dhitraen. \' 
much smaller thaji either (jf the above and the ventral Jjne^ot iIh 
piiparium is slightly concave, which makes it readily distingujsliabi.- 
The r)uparium of another fly parasite of little un,portance. Le>^l]'[- 
mhna jafmn Aid,, is. according to Jaynes (,//). readih; distmgm^;- 
uhh by' the short spinelike project ion,s at the anterior end. i;"'^ 
thoracic spiracle in the form of a projecting tube,^ and eaeli ot ih 
posterior spiracles consists of t,h,ree protruding si)inelikc tubes. 
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BIOLOGY 
HABITS OF THE ADULT 

The adult of Metagonistylwm rmnense is positively phototropic. 
Under cage conditions in subdued light the flies are inactive and are 
content to rest on the sides of the cages for long periods of time. 
When released in the field they appear to be strong fliers and disperse 
lapidly although on occasion a few may be seen crawling or resting 
on nearby cane for a considerable period of time after release. 

The adults feed readily on sugar water, honey, dry granulated 
sugar, and sliced sugarcane stalks, and apparently survive equally 
w ell on any of these foods. 

Under laboratory conditions a few flies have been kept alive as long 
as 20 days and one fly for 23 days ; however, the majority survive for 
only 12 days or less. A small percentage of the flies die before com- 
pletion of the gestation period and usually a high mortality results 
after the ninth day in confinement. 

Emergence takes place during a rather definite period. With the 
Amazon strain under Puerto Kican conditions nearly all of the adults 
emerge from 10:30 a. m. to 1 p. m., whereas with the Sao Paulo 
material the emergence period usually is an hour earlier and of shorter 
duration. Emergence of both strains has been observed from early 
morning to late afternoon, but over 95 percent occurs within the above 
limits. 

The proportion of the sexes in laboratory rearings was nearly equal 
for groups of hundreds of individuals, with the females slightly pre- 
dominant in the total number counted. However, in some cases, such 
as counts taken of rearings from a single female, where small num- 
bers of individuals were involved, one sex outnumbered the other as 
nmch as 2 to 1. 

MATING AND GESTATION 

The flies mate readily shortly after emergence. No difficulty has 
ever been encountered m mating the flies in small glass vials or in 
various kinds of cloth cages. Cleare (7) has discussed in detail the 
narrow limits of light intensity necessary to induce mating. While 
unquestionably the light-intensity factor is important, the flies have 
l)een observed to mate under widely varying light conditions. That 
the majority of matings do take place during a certain light intensity 
is unquestionably true, and such a light intensity produces a very 
characteristic flight activity, as stated by Cleare. However, for 
practical laboratory rearing and colonization, satisfactory mating 
was obtained by leaving the flies exposed in a place where various 
light conditions occurred intermittently for a period of 4 to 5 hours 
'ifter emergence. 

Copulation does not always take place at once but may commence 
with a struggle on the part of the female to free herself or she may 
accept the attention of the male quietly. After the male gains a 
position above and slightly to the rear of the female a definite court- 
^iiip takes place during which time the male taps the female a number 
of blows with his abdomen. On acceptance, the female raises her 
:j bdomen and copulation is effected almost at once. 

The copulation period varies considerably, ranging from a few 
ioinutes to 20 or 25 minutes, but the average mating lasts about 12 
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minutes. The same pair may copulate for a second or third time if 
allowed to remain together. The males mate readily with other 
females on the same day or some days thereafter. Females have 
been observed to mate a second day but thereafter generally refuse 
attention from the males. In a few cases mated females have been 
found to copulate again on the fourth and even on the fifth day of the 
gestation period. 

The gestation period under Puerto Rican conditions was found to 
vary slightly with the season. During the warmer periods most 
females would oviposit to some extent on the fifth day, but during 
the cooler months the majority were not capable of oviposition until 
the seventh day. For laboratory purposes the flies were allowed to 
complete a gestation period of 8 to 10 days in order to insure a 
maximum number of mature eggs in the ovisac. 

OVIPOSITION 

A mated female fly that has completed a gestation period of 6 
days will oviposit at the slightest stimulus of odor indicating the 
presence of a Diatraea larva. Cleare (7) states that there appeared 
to be no selection on the part of the fly between the stimulus of D. 
sa^ccJmralis and D, ccmella^ although successful rearings were uncom- 
mon with the latter species. Flies have been observed to oviposit on 
sugarcane, glass plates, or wherever the odor of a Diatraea larva was 
present. When females were retained in the laboratory for periods 
of 10 or 11 days, oviposition sometimes occurred spontaneously in the 
cages without apparent stimulation. 

When stimulated to oviposition the fly spends a few seconds passing 
her antennae over and about the stimulus. She then assumes a crouch- 
ing position, arching the abdomen slightly with the tip pointed down 
and slightly forward. Oviposition takes place at once and from 1 
to 7 eggs are laid at each deposition, 3 or 4 eggs being the usual num- 
ber. Tnis process may be repeated a number of times before the fly 
makes any attempt to leave the stimulus. The eggs hatch immediately 
and only by careful and rapid observation is it possible to detect 
hatching, although the empty eggshells may be seen. 

Under natural conditions the fly normally deposits eggs, but upon 
dissection of the uterus, either due to mechanical disruption or to ex- 
posure of the mature eggs to the air, hatching takes place immediately 
and the dissected uterus gives the appearance of being filled with larvae. 
The eggs seldom, if ever, hatch within the uterus. A female IT days 
old which had not been given an opportunity or stimulation to ovi- 
posit, deposited eggs in a normal manner on the introduction of a 
Diatraea borer. 

Unfertilized females, usually after the fourth or fifth day, also react 
to the stimulus of Diatraea, and attempt to oviposit, assuming the 
characteristic raised position of the abdomen and exposing the geni- 
talia, but have not been observed to pass an egg. However, mated 
females, if exposed to such stimulus before mature eggs are 
present in the uterus, will not attempt oviposition. 

Under field conditions the eggs are undoubtedly laid at the entrance 
hole made by the Diatraea larvae, the frass thrown out by the larval 
feeding readily serving as a stimulus to induce oviposition. 

Jaynes (7/), in discussing the life history of Theresia darifdp^'^^ 
suggests that the parasite larvae are probably guided to the host by 
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its odor and by the dark appearance of the burrow entrance. Labora- 
tory observations indicate that Metagonistylvmfb mmense is more prob- 
ably guided by a negative phototropic response than by the odor of the 
host larva. Unquestionably the majority of the parasite larvae 
perish without even finding a host. The large number of larvae de- 
posited at each oviposition would tend to substantiate such an 
assumption. 

While a single host larva is capable of supporting several parasites, 
the development of more than 2 or 3 is usually fatal to the host before 
parasite emergence, and the usual number reared is only 1 or 2. In the 
laboratory rearing work from 1 to 3 parasite larvae were placed upon a 
host borer, dependent upon the size of the latter. The greatest number 
successfully reared from a single host in experimental trials in the 
laboratory was 5. Clear (7) reports 1 isolated instance in the labora- 
tory where 1 host larva was found to contain 7 parasite larvae. Box 
{Jf) reports the successful rearing of 9 small flies from a single large 
host borer, laboratory-inoculated with 10 parasite larvae. 

LARVAL AND PUPAL STAGES 

The penetration of the host by the parasite larva can be observed in 
the laboratory by using free-crawling host borers. Under such con- 
ditions most of the parasite larvae tend to wander aimlessly over the 
body of the host and, unless supplied with moisture, soon expire. In 
a few cases an effort to penetrate the host starts immediately. Pene- 
tration is effected through the thinly chitinized part of the skin, such 
as is found between segments. Entry has been observed in nearly 
every part of the body, but the dorsal side seems to be preferred. The 
parasite larva rasps the skin of the host rapidly with its mandibles 
until an entrance is effected and then pushes itself within by contortion 
of the body segments. The parasite larva usually enters the body in 
a longitudinal position and at times may be observed for some hours 
thereafter lying just beneath the skin of the host. If the host borer 
becomes dry as penetration is proceeding, the parasite larva usCvS what 
apparently is the blood oozing from the host to build up a protective 
coating about itself and thus prevent drying out. In such cases pene- 
tration takes much longer, lasting from 1 to 2 hours. If moisture 
is plentiful penetration is accomplished in from 30 to 40 minutes, the 
shortest time observed being 21 minutes. 

After penetration the first-instar larva remains free in the body 
cavity for a period of 48 to 72 hours. 

During the early stages of the second instar the larva becomes 
attached to one of the larger tracheal tubes of the host by means of a 
chitinous funnel. The attachment to the trachea is usually made at or 
near the extremities of the body of the host larva with the head end of 
tlie parasite larva free to feed in the midsection of the host. In cases 
of multiple parasitism the parasite larvae are usually found lying in 
a parallel position, attached to the tracheal tubes on opposite sides 
of the host's body. The length of time spent in the second instar is 
comparatively short, being observed to be only about 36 to 48 hours. 
It is difficult to determine the exact limits of the various larval stages, 
^B all such observations are the result of dissection, and the length 
of one stage in relation to the other can be determined only by usmg 
t^ie average for the preceding stage in relation to the condition found 
'^^t the time of previous dissections. 
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Third-instar larvae have been found to be present within 84 hours 
after inoculation, but the majority are not found until 96 to 120 hours 
after inoculation. The average period spent in the third instar pre- 
vious to emergence is about 48 hours. Pupation takes place in from 
8 to 20 hours after emergence from the host. 

The length of the pupal stage averages 9.Y days, but extremes from 
7 to 16 da5^s have been noted. 

The entire life history from egg to adult will average from 16 to 20 
days under semitropical conditions. The temperature fluctuations 
apparently affect the length of the pupal stage to the greatest extent. 
While some slowing down or speeding up of the larval stages results 
from fluctuations in temperature, the variation is so small that it would 
be extremely difficult to define it as other than within normal limi- 
tations. 

DEVELOPMENT IN RELATION TO TEMPERATURE 

During the course of the laboratory rearing it was found that a few 
degrees' fluctuation in the mean temperature resulted in variations m 
the period of development of Metagonistylwrri mineTise, For the pur- 
pose of correlating these variations in the period of development at 
different temperatures, the developmental period of all those reared 
individuals which were inoculated and which emerged within the same 
monthly period was determined and compared with the official monthly 
temperatures recorded at Mayaguez. 

Observations were made on the Amazon strain of M. minense from 
November 1937 to July 1939. During that period the average mean 
monthly temperature varied from 72° to 80° F., and the period of de- 
velopment varied from 15.3 days to 21.9 days, a fluctuation of 6.6 days. 

For the Sao Paulo strain of M, minense observations were made from 
April 1939 to June 1940, during which time the mean average monthly 
temperature varied from 74° to 80.1° F. and the period of development 
from 16.7 to 20.3 days. The temperature fluctuations in relation to 
development are shown in table 1. 

Table 1. — Number of days required under varying temperatures to complete the 
developmental period of the Amazon and Sao Paulo strains of Metagonistylim 
minense 



Temperature 
fluctuations i 


Days required for develop- 
ment 


Amazon 
strain 


Sao Paulo 
strain 


°F. 
72-75. 
76-77. 
77-80. 1 


Number 
19. 3-21. 9 
16. 4-18. 7 
15.3-17.3 


Number 
20. 0-20. 3 
18.6-19.7 
16.7-17.5 



» In the case of the S§o Paulo strain the lowest mean temperature recorded for the observations given was 
74* F. 

In general a fluctuation of about 1° F. in the mean monthly tem])^ f 
ature resulted in slightly less than 1 day difference in the devek)p- 
mental period of the parasite. 

As shown in table 1, the Sao Paulo strain averaged 24 to 48 h()ni> 
longer than the Amazon strain in the time required for developnn nt 
under similar conditions of temperature. 
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LABORATORY EEAMNG 



The method of iirtifieiuUy reariiiji? Metmjomstylwm mh\eim> by the 
dissection of the uterus to oEtiiin abioKlaiit parasite larvae for artificinl 
mociilatioii was fii'st recognized by Scarnimizza, (iff), being similar 
I <) the methods he had used with Lixophmfa Sairaeae Tiis. ( t')). \ lod - 
ilicatioiis and refinements of the technicpie for tliis pai'tieiilar parasite 
were carefully woi'lced out by Cleare (y). KSiniihir metliorls were used 
hy Dohaiiian {8) and Bartlkt" in rearing material in British (^luiaiia 
and Puerto liieo for introduction, into Puerto Rico. 

In Puerto BJco mated females that have completed at least an 8-day 
«-estatioii period were found to contain a satisfactory proportion o*f 
iiiatio-e e^gs wdthin the uterus. The fly to be used for dissection 
l)iirposes is lightly anaesthetized and the uterus removed and placed 
in a small amount of physiological salt solution. 1 gram to 1 liter of 
distilled water. The narrow end of the uterus is gra,dual]y teased 
epen to slowly permit the escape of the parasite larvae. The use of 
ii black plate for such work facilitates the ease with which the larvae 
may \m seen with the naked eye. 




parasitized by HetiujowHliihim jw ««eH«r. 

The Diatvaen m.cchm'alu l)orers to be inoculated are phieed in a 
>iiiiilar saline solution |)revious to the transfer of the parasite larva or 
liirvae. This is accomplished by means of a caua^d-liair brush twisted 
hi a fine point with which the parasite larvae may be lifted without 
iiijiiry. 

^ /Hie handling: of the Diatraea larvae after ino(ail«tioii wsis mod- 
i^ii'd to some extent from the methods used by other workers. Tlie 
^'i^iniual technique developed by Cleare of phicing tlie hu'vae lu cane 
-(■;:)( ,ts was used at first, but later Guatemala grass {Trlfmeum imvinn 
^''^>h) was substituted for sugarcane as it was found to be less siis- 
"^■•'i'tible to rotting. This change in the host food plant resuh.ed in a 
•j-'Uge in the metliod of handling. The sugarcane borers were iso- 
';'''^'*I in glass vials witli small pieces of (iuateiuahi grass steuis for 
^^'"■il. Figure 7 shows a tray for holding such vials. Instead of plac- 
^'l- the Dhifraea borer lu a prepared cavity within the shoot, as was 
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done witli eaiie, tlie borer wan allowe<l to penetrate the Giiateiiisilsi grass 
as a result of normal feeding after inociilatioii. 

When pieces of cane were used an food they were placed in gal-^ 
vaiiized-iron containers and were not disturbed until emergence' of 
the adult % took place. In the use of (luatemala grass the pieces 
were removed from the vials after a few days' isolation and were tl:ieii 
placed in galvanized-iron containers to await em,ergenco. It was found 
advisable to separate the pieces of grass by the use of 1-inch mesh wire 
netting, two or three pieces being placed in each compartment formed 
by the mesh of the wire, as sliown in ligiire 8. A 'i/2-inch layer of saw- 




FiGUKB 8.^ Galvaiiizt'd-iroij lK»xt>s used for nturiiig Guatt'iiuilii grass etiiriiig?' <'""* 

liiiuiiiir jjariisitizwl DUiti'aea mci-hamlin Isirvae. 

dust was placed on the bottom of the cage to absorb any exces.s llloi^l <;y 
from the rotting grass. Finely powdered crude siili'iir was liberii'':^' 
.sprinkled ovei* the sawdust, whieli reduced mite infestation tc* '^ 
minimum. 
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Oil emergence tVoiii tlie i>iipari« tlie flies are collected and pliiced 
ill cloth ca|j:es for iriatiii^. VariouK types wf ca^«;cs were used. A 
most HaliHfnetory caiit; is niadp of an iron franiewiifk, ^l inrhes tiiu'l:. 
!iiid 15 inches in diameter, with <>-alvaiiizeddron hottoin. and eoveivil 
u-itii a mosfpiiro nettino- provided with a nlees-e entrance, iis shown 




^ 2t hwlws long jiiul if; covertHl with C(Kirst> lii.l.lihii.f gaJhercd jumI ih«(I wltli 
^^trlii« jif top ;iiid iMtlfuiii. At h-ff k sliuwii a .«leeve lliroiigli wliu:li llu- tll«'S 
■" inli'oclnccd into the cage. 
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in figure 9. A burlap sack was placed in the bottom to provide 
moisture; sugar was provided in small glass receptacles. This type 
of cage was used successfully by Cleare in British Guiana. 

HYPERPARASITES 

A number of different hyperparasites have been recorded by various 
writers as attacking the puparia of Metagonistylum minense. In its 
native home in the Amazon, Myers (H) reports finding 3 species, a 
Pteromalid and 2 Encyrtids, but he states that none of these was fre- 
quently encountered. In Sao Paulo, Brazil, Bartlett (J) found one 
species, Trichopria sp.^ At Piracicaba 143 puparia were field collected 
in sugarcane and 34, or 23.8 percent, were found to be parasitized, and 
at Campinas 8 of 26 puparia, or 30.8 percent, w^ere parasitized by this 
species. Cleare (7) reports a native species, Signiphora dipterophaga 
Girault, attacking the puparia of M. minense in British Guiana, but 
the percentage destroyed by hyperparasites in all the fields examined 
was only 3.3 percent.- In Puerto Rico no hyperparasites have been 
encountered attacking the puparia of M. minense or of our native 
dipterous parasite of the sugarcane borer, Lixophaga diatraeae, 

STATUS IN PUERTO RICO 

The original introduction of Metagonistylum. minense into Puerto 
Rico was made by the Bureau of Entomology and Plant Quarantine 
in 1935. The collection and shipment of this material is recorded by 
Dohanian {8) and its colonization in Puerto Rico by Bartlett.^ Un- 
fortunately this first introduction was made during the dry season and 
owing apparently to adverse climatic conditions at the time of libera- 
tion and for many months thereafter, during which an extended period 
of drought was experienced, the species failed of establishment. 

In October 1936 the biological control program undertaken by the 
Bureau of Entomology and Plant Quarantine in 1935 was continued 
as a project of the Puerto Rico Experiment Station of the United 
States Department of Agriculture. In 1937 a second introduction of 
this parasite was made possible through the cooperation of the sugai' 
growers of Puerto Rico who financed a trip for the entomologist of 
the experiment station to British Guiana to obtain further material. 
The report of this introduction is recorded by Bartlett.^^ In March 19^)9 
the introduction of the Sao Paulo strain of M. minense was made by 
Bartlett {3). An extensive rearing program was initiated in October 
1937, through the cooperation of a number of sugar growers of the 
island who provided Diatraea saecharalis borers for rearing M. mmev><e 
in the laboratory. In return for the collection of such material tlie 
sugar growers received adult flies for liberation on their properties. 

Through July 30, 1940, liberations were made at 19 different point-, 
and a total of 41,177 flies had been liberated. This program is bein^' 
continued and new points are being colonized as the rearing work |)er 

* Determination by C. F. W. Miiesebeck, Bureau of Entomology and Plant Qiiarautiiu' 

^ Bartlett, Kenneth A. See footnote 3, 

« Bartlett, K. A. the second introduction of the aafa/^on fly from British (jiian*^ 
INTO PUERTO RICO. Puerto Rico Agr. Expt. Sta. Agr. Notes 86, 4 pp. 1938. [Miin<' 
graphed. ] 
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iiiits. witli bolli biolojrlfHl strains heiDir tested. A liberal ion of ndiill 
■lip;-; \>v\\n: win^li- id w :^iii^ar':uu' lii'b! i- ~Mifn\is in lijjiin' [n. 




litial ifcoveries of Meffff/on/Mt/lum nmW'n.He wert' iiiiitle in tlif 
lit.y of many of the lihi'niticiti points within a fVw itujnilis after 
iiizatioii WHS started in 1037. 
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At the present time the Amazon strain of the fly is considered to 
be well established in the Anasco Valley region, Mayaguez, the San 
German Valley region, and on the south coast about Santa Isabel. 
Kecoveries were made at other points but not in sufficient numbers 
to indicate definite establishment. In general, the percentage of par-> 
asitization has been low, but isolated instances have given reason to 
believe that as the fly spreads throughout the sugarcane-growing areas 
it will aid materially in the control of Diatraea sacGharalis. The 
highest parasitization found had been 46 percent at Mayaguez, 3 years 
after the original liberation was made. These parasitized borers were 
collected from infested sw^eet corn, w^hich is also a favorite host plant 
of this pest. One collection at Anasco from sugarcane showed 13.8 
percent of the borers attacked and at San German 6.9 percent. How- 
ever, in many collections the parasitization by M. minense was 1 
percent or less and in many cases it was negative. 

SUMMARY 

The Amazon fly, Metagomstylmn luinen^e^ a parasite of the sugar- 
cane borer, was first successfully introduced into British Guiana in 
1932 and since has been distributed to many of the important sugar- 
growing areas of the Western Hemisphere. Two physiological strains 
of the fly are known to occur, one from the Amazon region and one 
from the southern part of Brazil in the vicinity of Sao Paulo. The 
two strains are readily difl'erentiated by the coloi'ing on the abdomen. 
The Amazon strain has a reddish-yellow cast whereas tlie Sao Paulo 
strain is a melanic and completely black throughout. 

The fly is easily propagated in the laboratory- by dissection and 
removal of the uterus to obtain parasite larvae for inoculation pur- 
poses. The small semitransparent larvae are placed on Diatrcbea borers 
and shortly thereaftei* they enter the body of the host and commence 
feeding internally. In about 7 days, the full-fed larvae emerge and 
the host larva is almost completely consumed by the ravenous feeding 
of the parasites. The puparium formed is dark-brown in color and 
readily distinguished from other fly parasites of Diatraea by the char- 
acteristic markings of the anal spiracles. Adult flies emei'ged in about 
10 days, thus completing the life cycle in the short period of from 
16 to 20 days. 

The Amazon strain of the parasite is considered to be successfully 
established at a number of diiferent points in Puerto Rico, although 
to date the percentage of parasitization has been low. 
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